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THE EFFECTS OF ULTRAVIOLET LIGHT AND X-IRRADIATION
ON MAMMALIAN PIGMENT CELLS IN VITRO
STEPHEN E. SILVER, MD.t AND FUNAN HU, M.D.
Exposures to ultraviolet light and x-ray
usually result in clinically observable hyper-
pigmentation. Numerous in vivo investigations
have been reported on the mechanism of this
hyperpigmentation (1—18).
Melanocytes in vivo do not exist in isola-
tion. They are part of an organized tissue in
which each melanocyte is in intimate contact
with the surrounding epidermal cells and
receives nutrients from the underlying blood
supply. Since the interactions between melano-
cytes and the other components of the tissue
are complex, it is difficult to determine in
experiments in vivo which effects are primarily
due directly to the irradiation.
In this study we have obtained evidence of
the effects of x-ray and ultraviolet light directly
o melanocytes. In tissue culture the external
enviranment can be controlled, there are no
other cells present, and both external stimuli
and their effects can be directly quantified in
standard way.
MATERIALS AND METHODS
Cell strains were derived from B16 transplanta-
ble mouse melanomas as described previously
(19). Cells were grown in medium 199 in tissue
culture chambers. A small grid consisting of 16
squares each 4 mm square was drawn on each
chamber so that the same cell and groups of cells
could be studied from day to day. Alter four days
cells in all cultures were healthy and vigorous and
had approximately doubled in number. At this
time the cells were irradiated with either x-ray at
doses of 1,000 r, 5,000 r, 10,000 r, 20,000 r, and
30,000 r (280KV, 15mm Cu half value layer) or
with ultraviolet light (Hanovia Aero-Kromayer
Unit) for exposure time of 2, 4, 8, 16, 30, and 60
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seconds at 1 cm distance through a 22 mm diame-
ter port. Untreated cultures were used as controls.
Cell counts and cell maps of all cultures were
made twice a week. For the x-ray experiments,
2400 cells were suspended in 2 ml of tissue culture
medium 199 in Rose's multiple purpose culture
chambers.
For the ultraviolet light experiment, 9,000 cells
were suspended in 3 ml of medium 199 in Falcon
plastic T—30 flasks. The ultraviolet light source has
the emission characteristics of a hot quartz light
source with maximum band emission at 2830 A,
2894 A, 2967 A, 3025 A and 3130 A. The ultraviolet
light intensity in contact with the front window
was 70,000 microwatts per square centimeter (per
minute) in the range of 1850 A through 3730 A.
The plastic tissue culture flasks, however, transmit
wavelengths only as low as 2960 A, and at 3200 A
have a transmission of 64 per cent of the incident
light (Fig. 1). We do not know exactly how much
of the ultraviolet light, transmitted through the
plastic, actually reached the culture cells.
RESULTS
Control cultures grew rapidly and became
confluent sheets after two weeks of culture.
For the entire period of culture more than
95 per cent of nonirradiated cells consisted of
bipolar melanocytes, and less than five per
cent had "epithelioid," "dendritic" or "plate—
like" forms (Fig. 2).
Effects of x-rays —At dose rates 1,000
through 5,000 r, the number of cells in the
culture increased approximately 10 per cent
during the first few days, after which there
was a slow steady decrease. At 10,000 to 20,000
r, the number of cells showed no increase, but
again there followed a slow steady decrease
over the entire experimental period. At dose
rates of 30,000 r, there was some immediate
cell death, and the characteristic slow steady
decline. No definite correlation between the
rates of dosage and of cell decrease was noted.
In all cultures, the major effect of the x-ray
was to arrest all cell division and to cause
gradual cell death and decreasing cell num-
bers.
Changes in cell morphology were striking.
The cells gradually enlarged to three to five
times that of nonirradiated cells, and the
percentage of abnormal cells—"epitlielioid,"
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"dendritic," or "platelike"—gradually increased
and was dose-related. Giant cells and multi-
nucleated cells were seen in cultures irradiated
with 10,000 r or more. The percentage of these
TABLE I
PERCENTAGE OF PLATELIKE AND DENDRITIC CELLS
IN X-IRRADIATED CULTURES
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cells ranged from 13% in the culture receiving
10,000 r to 20% in the cultures receiving
30,000 r.
These effects are illustrated in Figures 3 and
4 and tabulated in Table I. The irradiated
cultures did not show any increase in the
jiumber of pigmented cells nor did the cells
that were pigmented at the time of irradiation
undergo any darkening.
Effects of ultraviolet light—In a preliminary
investigation (Fig. 5) it was shown that after
an exposure of 60 seconds all of the cells
died within five days, whereas an exposure of
30 seconds killed most of the cells within five
days. Further experiments used exposures of
2, 4, 8, and 16 seconds to ultraviolet light.
The cells killed by exposures of 60, 30, and
16 seconds showed no morphologic changes
from their normal bipolar form before death.
The cytoplasm, however, became granular and
the cells lysed.
No dead cells were found in the flasks ex-
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posed to 2, 4, and S seconds of ultraviolet
light. Growth rate and cell morphology were
the same in the 2-second culture and in the
controls (Fig. 6). In the 4 and 8 second cultures,
cell division was inhibited during the first 5
days, after which it proceded at a rate com-
parable to that of the control. In the 16 second
culture, mitotic arrest lasting approximately
7—8 days and some cell death were noted during
the first 5 days, after which the cells resumed
the normal division rate. These results are
shown in Fig. 7 (8 second irradiation), Fig.
8 (16 second irradiation) and Fig. 9 (a
composite of the averages for the control group,
the 8 second group, and the 16 second group).
Cell division was inhibited in direct proportion
to the ultraviolet dose received.
The cells receiving ultraviolet irradiation
either died outright (at doses of 16 seconds or
greater) or multiplied at a temporarily dimin-
ished rate (at lower doses death occurred
within 5 days after irradiation, never after).
By day 11, multiplication rates of the irradiated
cultures were comparable to those of the
control cultures. There was no postirradiation
increase either in the number of pigmented
cells or in the degree of pigmentation in cells
pigmented before irradiation. Treated cells
underwent no morphological change in the
5-week observation period after irradiation.
DISCUSSION
It is clear that x-ray and ultraviolet light
have strikingly different effects on melanocytes
in tissue culture.
X-rays passing through tissue cause ioniza-
tion of molecules and the formation of free
radicals such as H, OH, H202 , and HO2 , which
are responsible for most of the irradiation
damage (20). Changes in cell morphology and
the formation of multinucleated giant cells
indicate that x-ray somehow affects the cell
nucleus. Similar giant cells can be observed
when BiG mouse melanoma cells are treated
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with colcernid to inhibit mitosis (21). Ac-
cording to Puck and Marcus (22), high energy
radiation operates to halt cell multiplication
long before the general metabolism is ap-
preciably affected. In fact, the nondividing
but metabolically active cells have been
utilized as a feeder layer in establishing cell
clones. Rauth and Whitmore (23) observed
that x-radiation caused slow death of L cell
cultures with the formation of many giant
cells. Since small numbers of "epithelioid" and
"platelike" or even multinucleated cells can
occasionally be seen in older nonirradiated
cultures of BiG mouse melanoma cells, it can
be postulated that x-ray inhibits cell multipli-
cation allowing an evolution of cells to "plate-
like" and "dendritic" forms. This would simu-
late a condition of premature aging.
Ultraviolet light, a nonionizing radiation,
does riot produce free radicals. For the energy
in ultraviolet light to be effective in a chemical
reaction, the cellular constituent affected must
have an absorption spectrum capable of ab-
sorbing that particular wavelength of light.
Although nucleic acids and proteins absorb
wavelengths of 2600 A and 2800 A respectively,
these radiations would presumably not pene-
trate the plastic cover of the Falcon dish.
Under our conditions, the cell constituents re-
sponsible for the death of cells exposed to
over 16 seconds of ultraviolet light irradia-
tion must have an absorption spectrum of over
3,000 A; we do not know what these cell
constituents are.
Rapid cell destruction by ultraviolet light
without morphological change may be due to
the destruction of lysosomal membranes and
the release of lysosomal enzymes into the
cytoplasm of the cell during the first five days
after exposure. The exposure of lysosomal
suspensions of fetal rat skins to ultraviolet
light of wavelengths less than 3,000 A results
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in the release of enzyme (24). On this
hypothesis, either the cell would die as a
result of lysosomal rupture, or it would be
capable of normal cell division like all of the
cultures that survived irradiation.
Perhaps the most important finding of this
study is that neither the ultraviolet light nor
the x-rays induced melanocyte proliferation
nor a tendency for nonpigmented cells to be-
come pigmented. This suggests the possibility
that extra melanocytic (epidermal or dermal)
factors may be necessary to bring about the
increased pigmentation that one sees in vivo
after irradiation. Reams aild Schaeffer (6, 7)
have already suggested this possibility.
SUMMARY
Although both x-ray and ultraviolet light
irradiation produce in vivo hyperpigmenta-
tion, the present study of the effects of
irradiation of melanocytes in tissue cultures
has failed to produce any cell proliferation or
increased production of melanin by these cells
after such treatment. In addition, these two
modalities act in qualitatively different fashions
on melanocytic cells. X-irradiation arrests
mitotic activity and produces slow cell death
and morphologic changes similar to those oc-
curring ill aging tissue culture population.
Ultraviolet light irradiation results in cell
destruction during the first 5 days after ir-
radiation, but the cells that survive seem to
be completely normal.
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